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Abstract The Atlantic ribbed mussel, Geukensia demissa,
is found in salt marshes along the North American Atlantic
Coast. As a first step to study the possibility of future
cultivation and harvest of ribbed mussels for nutrient re-
moval from eutrophic urban environments, the feeding be-
havior of ribbed mussels in situ was studied from July to
October 2011. Two locations approximately 80 km apart
were used as study sites: Milford Harbor (Connecticut;
41°12′42.46″N, 73°3′7.75″W) and Hunts Point (Bronx,
New York; 40°48′5.99″N, 73°52′17.76″W). Total particu-
late matter was higher at Hunts Point than at Milford
Harbor, but the organic content was higher at Milford than
at Hunts Point. The relatively low quantity of organic con-
tent in Hunts Point seston resulted in a much higher pro-
duction of pseudofeces by mussels. Mussel clearance and
absorption rates were higher at Milford Harbor than at Hunts
Point. Nevertheless, mussels at both sites had the same
absorption efficiency, suggesting that mussels are able to
adapt to conditions at both locations. Ribbed mussels de-
creased clearance rate when the seston quantity was high at
both sites. At Hunts Point, ribbed mussels increased the gut
transit time of ingested particles when the amount of inor-
ganic particulates in the water increased. This study does not
quantify nutrient removal capacity of G. demissa; however,
the environmental tolerance demonstrated here, and current
lack of commercial harvest, suggests that this species may
be a good candidate for nutrient bioextraction in highly
impacted urban environments.
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Introduction
The Atlantic ribbed mussel, Geukensia demissa, is found in
intertidal habitats, mainly salt marshes, along the North
American Atlantic Coast (Abbott 1974). Ribbed mussels
feed on a wide range of particles suspended in the water
column, including phytoplankton, bacteria, and detritus;
mussels may also absorb dissolved organic material (Alber
and Valiela 1994; Kreeger and Newell 1996a). Ribbed mus-
sel gills can retain particles within a defined size range;
particles >4 μm can be retained by G. demissa with 100 %
efficiency (Riisgård 1988), although the detailed morpholo-
gy of the ribbed mussel gill makes this species a very
effective bacterial grazer in comparison to other bivalve
species (Wright et al. 1982; Riisgård 1988; Langdon and
Newell 1990; Kreeger and Newell 1996b). Ribbed mussels
have a high ability to feed efficiently on different particles
and exploit available resources, e.g., Peterson et al. (1985)
reported that G. demissa consumed both Spartina alterniflora
(marsh grass) detritus and plankton, with the relative propor-
tions of each determined by the location of the mussels in the
salt marsh. Accordingly, Kreeger and Newell (2001) conclud-
ed that the digestive physiology of ribbed mussels responds to
shifts in dietary components during the year, suggesting that
mussels efficiently balance nutritional demands according to
food availability.
Ribbed mussels have unusual tolerance to dehydration,
salinity variation, and thermal stress (Lent 1969). Moreover,
because they inhabit sulfide-rich coastal sediments (Lee et
al. 1996), ribbed mussels have much higher tolerance to
sulfide than other bivalves (Doeller et al. 2001). These
adaptations enable this mussel to be the dominant, benthic
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suspension feeder in salt marshes (Wright et al. 1982). Even
though ribbed mussels are not commercially harvested, G.
demissa plays a key role in the flow of nutrients in the
ecosystems it inhabits, as observed in Delaware Bay
(Kreeger et al. 2011). Jordan and Valiela (1982) found that
ribbed mussels in a New England salt marsh filtered 1.8
times as much particulate nitrogen as was exported from the
salt marsh and hypothesized that retention of nitrogen by
mussels may enhance the productivity of the marsh. This
ability to retain nitrogen also has the potential to mitigate
eutrophication, defined by Nixon (1995) as an increase in
the rate of supply of organic matter to an ecosystem that is
related to human activities, thereby improving water quality
(Ostroumov 2005; Coen et al. 2007; Lindahl and Kollberg
2009; Manganaro et al. 2009). The loss of bivalves and their
ecological services in coastal and estuarine ecosystems can
result in the same ecological effects as eutrophication
(Kemp et al. 2005; Heck and Valentine 2007).
To remediate nutrient over-enrichment and enhance the
quality of coastal waters, aquaculture of blue mussels
(Mytilus edulis) has been used as a successful management
tool to compensate for nutrient discharges in Sweden
(Lindahl 2011). In the USA, this approach has been pro-
posed as a nutrient reduction strategy in combination with
point source reductions, such as wastewater treatment plant
upgrades (Rose et al. 2010). The use of shellfish aquaculture
to lower quantities of nutrients in the coastal environment is
thought to be economically favorable when compared to
other non-point, nutrient reduction measures such as agri-
cultural best management practices or urban stormwater
retrofitting (Hart 2003; Stephenson et al. 2010). The envi-
ronmental management strategy by which nutrients are re-
moved from an aquatic ecosystem through the harvest of
enhanced biological production, including the aquaculture
of suspension-feeding shellfish or algae, is being called
nutrient bioextraction.
In the present study, in situ, filter-feeding measurements
were conducted in two very different environments, Milford
Harbor (Connecticut) and Hunts Point (Bronx, New York),
to gain a better understanding of the feeding behavior of
ribbed mussels and evaluate the potential use of ribbed
mussel aquaculture as a nutrient bioextraction (Rose et al.
2010) tool. Both study sites support naturally occurring
ribbed mussel populations but are very different in terms
of physics, chemistry, and biology. Hunts Point is in a
highly urban, densely populated, and industrial section of
New York City, at the confluence of the Bronx River and the
East River tidal strait. It is in close proximity to one of New
York City’s largest wastewater treatment plants (the Hunts
Point Wastewater Treatment Plant, which releases 378–
757×106 L day−1 of tertiary treated effluent). In contrast,
Milford Harbor is in suburban, coastal Connecticut, with a
lower human population density, less industry, and much
less riverine influence. The intent of this study was to
determine if seston organic content at Hunts Point was
sufficient to support cultivation and harvest of large
populations of ribbed mussels, which would support their
potential future use for nutrient removal in this environment.
These two sites also provided a good test of the flexibility of
ribbed mussel filtration effectiveness.
Methods
Experimental Design
Filter-feeding measurements were conducted from July
2011 to October 2011 at Milford Harbor, Connecticut
(41°12′42.46″N, 73°3′7.75″W) and at Hunts Point, Bronx,
New York (40°48 ′5.99″N, 73°52 ′17.76″W) (ESM
Appendix 1), during different tidal cycles. Seven determi-
nations were made at Milford and six at Hunts Point. Two
portable, flow-through devices designed to quantify mussel
feeding on natural seston (Galimany et al. 2011) were used.
A brief description of one portable, filter-feeding device
follows: a PVC tank received seawater from an underwater
pump suspended at 1 m depth. A PVC “reservoir” tank was
aerated to maintain suspension of particles in the water.
Seawater flowed from the lower part of the reservoir tank
through ten tubes, each connected to an individual, flow-
through chamber. Each chamber contained a single mus-
sel, except for two chambers which contained one
empty mussel shell each used as controls. A thorough
description of the design and operation of the units is
available in Galimany et al. (2011).
Mussel shell length and dry weight were measured for
each sampling day. Each filter-feeding measurement was
conducted with a different group of similarly sized ribbed
mussels (G. demissa) collected at the respective sites.
Average shell lengths were 62.55±9.07 and 60.95±
5.82 mm for Milford Harbor and Hunts Point, respectively.
Mussels from both sites were collected 1 week prior to the
experimental season and suspended in mesh bags at each
sampling site for the duration of the season. Previously, we
showed that tidal effects upon filtration behavior of ribbed
mussels were no longer detected 7 days after the initiation of
continuous submersion (Galimany et al. 2012). Mussels for
the Milford Harbor determinations were collected from the
Milford fringe salt marsh directly adjacent to the study site.
Mussels for the Hunts Point measurements were collected
from a fringe salt marsh at the mouth of the Bronx River, the
closest marsh to Hunts Point. Sixteen mussels were selected
randomly from the suspended mesh bag for each experi-
ment, and epiphytes and other encrusting organisms were
removed from the shells. A small, plastic, Velcro fastener
was glued to one of the two shells of each individual and
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used to affix the mussel to the experimental chamber. Each
mussel was exposed to a constant flow rate of 12 L h−1 of
ambient water; this flux was shown in previous laboratory
experiments to result in homogeneous distribution of parti-
cles between chambers with no water recirculation or lateral
flow between the chambers. Mussels were allowed to re-
cover for 2 h from any stress associated with handling, but
acclimation was not necessary because the mussels had been
submerged in ambient seawater prior to being installed
within the apparatus, which was brought to the site. Four
control, empty mussel shells, two per each feeding appara-
tus, were affixed in the chambers in the same manner as the
live mussels (Galimany et al. 2011).
Seawater
Water (300 mL) was collected from the device intake and
flow exit tube of each control feeding chamber every
15 min. The feces and pseudofeces from each live mussel
were collected separately throughout the experiment with a
pipette. All samples (water, feces and pseudofeces) were
filtered separately through washed, pre-weighed Whatman
GF/C filters (25 mm) and rinsed with isotonic ammonium
formate. GF/C filters were used instead of GF/F filters
because GF/C is the standard filter used in biodeposition
experiments with mussels (Iglesias et al. 1998). We decided
to maintain a consistent filter pore size in these studies to
facilitate the comparison of our results with previous studies
on other mussel species. Filters were kept on ice and trans-
ferred to the laboratory where they were dried at 60 °C for
48 h and weighed to obtain the dry weight, a measure of
total particulate matter (TPM). Filters then were ashed at
450 °C for 4 h and weighed again to obtain the particulate
inorganic matter (PIM). The particulate organic matter
(POM) was calculated as the difference between TPM and
PIM. The organic content of the water (f) was calculated as the
mean organic fraction of total particulates (f=POM/TPM).
Physiological Feeding Variables
The individual chambers were cleaned before the beginning
of the measurement period. All of the feces and pseudofeces
from each individual mussel then were collected separately
with a pipette as soon as they were produced to ensure that
all biodeposits were included in quantitative analyses. The
time period of collection of biodeposits (between 1 and 2 h)
ensured collection of sufficient biodeposits by the end the
experiment for accurate quantification. Feces and pseudofeces
produced by each mussel (n=16) were filtered individually
and processed for organic and inorganic matter measurements
as described above to compute the total, organic, and inorgan-
ic rates of egestion and rejection, respectively. Data from the
few mussels that produced no feces or pseudofeces (i.e., did
not open) during the measurement period were not included in
subsequent analyses. The physiological components of the
absorptive balance (Table 1) then were calculated according
to the biodeposition method (Iglesias et al. 1998). To quantify
pre-ingestive selection of food through pseudofeces pro-
duction, we expressed rejection as a percentage of total
filtered seston.
To synchronize the seston available with the correspond-
ing biodeposits produced by the mussels, it was necessary to
estimate the gut transit time (GTT). Gut transit time is
defined as the minimum time for an organic particle to pass
through the digestive tract of a mussel after ingestion. This
variable was calculated before each measurement period
using a method adapted from Hawkins et al. (1996). Five
ribbed mussels, from the same suspended mesh bag, were
placed in individual beakers containing a mixture of local
seawater and cultured Tetraselmis chui (PLY 429). The time
that elapsed between the addition of cultured T. chui and the
first deposition of green-colored feces by one of the five
mussels was considered to be the gut transit time (in minute).
All mussel variables were standardized to 1 g of dried
mussel flesh using the following equation:
Ys ¼ Ye  1 We=ð Þb
where, for the physiological variables, Ys is the standardized
physiological rate, Ye is the experimentally determined rate,
and We is the dry body mass measured for each mussel. We
used a b value of 0.83 as determined by Riisgård (1988) for
G. demissa. For GTT, Ys is the standardized GTT, Ye is the
experimentally determined GTT, and We is the dry body
mass measured for each mussel. We used a b value of
0.34, as determined by Hawkins et al. (1990) for blue
mussels M. edulis because there is not a value for ribbed
mussels in the literature.
Statistical Analyses
Statistical comparisons of the Hunts Point to the Milford
Harbor mussels and water were performed using a percentile
bootstrap test for trimmed means as described by Wilcox
(2003). This method was chosen over the commonly used
Student’s t test for comparing two independent groups be-
cause the percentile bootstrap test has higher power and
requires no assumptions of normality or heteroscedasticity.
Correlations were established between the organic content
of the water (f) and total particulate matter, rejection pro-
portion and total particulate matter, rejection proportion and
organic content of the ingested matter (i), clearance rate and
total particulate matter, and between standard gut transit
time and total particulate matter. Separate correlations were
established for each site using the percentage bend correla-
tion, which is a robust analog of the Pearson correlation
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described in detail by Wilcox (2003). The significance of
each correlation was established using a percentile boot-
strap method to compute confidence intervals for the
correlation coefficient. Correlations between the two
sites were also compared with a percentile bootstrap
method. All statistical analyses were performed using




There were no significant differences between the two sites
for the average values of seawater temperature during the
experimental season (p=0.44) (ESM Appendix 2). The vari-
ables measured to characterize the water (i.e., total, organic,
and inorganic particulates) varied significantly among ex-
perimental dates within each site. Nevertheless, these differ-
ences were relatively minor and likely not biologically
relevant when compared to the major differences in seston
observed between Milford Harbor and Hunts Point. Mean
daily and mean of all measured values of TPM, POM, and
PIM for each sampling site are shown in ESM Appendix 2.
The organic content of the seston (f) was very different
between the two locations because of high inorganic loads
(PIM) at Hunts Point. Seston at Milford had a consistently
higher percentage of organic content than Hunts Point
(43.38±0.97 vs. 22.58±0.45 %, respectively).
Organic content (f) of the water as a function of the total
particulate matter was plotted using all the measurements
taken during the entire study period at each site (Fig. 1). The
negative relationship between these two variables is
presented in Table 2. There was a very strong negative
relationship between total particulate matter and seston or-
ganic content at Hunts Point (rpb=−0.92), indicating that
high total particulate matter in the water “diluted” the or-
ganic content. Conversely, at Milford, an increase in total
particulate matter could be attributed either to increased
inorganic or increased organic matter, resulting in a signif-
icantly lower correlation (rpb=0.40; p<0.001).
Mussel Characteristics
Mussel shell length, dry weight, GTT, and standard
GTT were recorded and analyzed throughout the period
of study (ESM Appendix 3). All subsequent statistical
analyses and comparisons between sites are for mean
and variance values from each site throughout the study.
None of these variables showed significant differences
between the sites (all p>0.05).
Table 1 Definition of the phys-
iological components of absorp-
tive balance for mussels
Parameter Acronym Units Calculation
Clearance rate CR L h−1 (mg inorganic matter from both feces and
pseudofeces per unit of time [mg h−1])/
(mg inorganic matter [PIM; mg L−1] in bay water)
Filtration rate FR mg h−1 CR×total particulate matter (TPM, mg L−1)
in the bay water
Total rejection rate RR mg h−1 mg of organic and inorganic matter from
pseudofeces per unit of time (mg h−1)
Rejection proportion RP % (total rejection rate mg h−1)/(total
filtration rate [mg h−1])×100
Organic ingestion rate OIR mg h−1 (CR×particulate organic matter [mg L−1]
in the bay water)−(rejection rate
of organic matter [mg h−1])
Absorption rate AR mg h−1 OIR−(egestion rate of organic matter)
Absorption efficiency AE Fraction AR/OIR
Selection efficiency SE Fraction 1−([organic fraction within pseudofeces]/[organic
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Fig. 1 Relationship between the organic content of seston (f) and total
particulate matter (TPM) in milligram per liter from water at each
sampling site
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Feeding Variables
Table 3 shows values of physiological measurements for a
standard sized mussel (1 g dry mussel flesh) throughout the
study period for each location. Site mean clearance rate was
higher for mussels at Milford compared to Hunts Point
(p<0.001), but mean filtration rate was the same at
both sites (p=0.63). Thus, although ribbed mussels at
Milford circulated more water through their gills, mus-
sels from both sites filtered the same amount of par-
ticulate matter per unit of time. As a consequence,
mussels from Hunts Point filtered much more inorganic
matter, promoting active pre-ingestive selection, i.e.,
high production of pseudofeces. This is demonstrated
by the site mean rejection proportion and selection
efficiencies, both of which were higher for the Hunts
Point mussels than Milford mussels (both p<0.001).
These results are corroborated by the relationship be-
tween the rejection proportion of the mussels and the
total particulates in the water (Table 2). At Hunts
Point, the correlation was significantly higher between
these two variables (rpb=0.64; p=0.0033) than at
Milford (rpb=0.26). At Hunts Point, the more particu-
lates present in the water, the more inorganic matter
the water contained, resulting in a higher rejection
proportion by the mussels. Moreover, the organic con-
tent of the ingested matter (i) for mussels at Hunts
Point had a significantly higher correlation with the
mussel rejection proportion than was observed for mus-
sels at Milford Harbor (rpb=0.71 vs. rpb=0.27, respec-
tively; p=0.007) (Table 2), which is consistent with the
observation that more total particulates resulted in more
pseudofeces production, and thus, increased organic
content of the ingested matter. Accordingly, the mean
organic ingestion rate of mussels at Hunts Point was lower
than atMilford (p<0.001), and furthermore, the absorption rate
was significantly lower at Hunts Point than at Milford Harbor
(p<0.001). The mean values of total ingestion rate, organic
ingestion rate, and absorption rate were higher at Milford than
Hunts Point (all p<0.001), but mussels from both locations
had the same mean absorption efficiency (p=0.63). To visual-
ize the feeding behavior of the mussels at each site, we plotted
the relationships between clearance rate and total particulate
matter for both sites (Fig. 2(a)). Clearance rate decreased
significantly with total particulate matter in the water at both
sites (Table 2). To compensate for the extremely high inorgan-
ic particle load, however, mussels at Hunts Point modulated
GTT according to total particulate matter to permit longer
exposure of ingested particles to digestive processes. This is
apparent from the strong positive relationship between stan-
dard gut transit time and total particulate matter (Fig. 2(b);
Table 2, rpb=0.92, p=0.01), i.e., longer gut transit times were
observed when there were more total particulates. The same
relationship was much weaker at Milford and the correlation
was not significant (rpb=0.30, p=0.40; Table 2).
Discussion
Ribbed mussels from the two locations studied used differ-
ent feeding strategies to adapt to the characteristics of the
water they inhabited. The particulate loads measured at
Milford Harbor and Hunts Point were above the limit of
the pseudofeces threshold for mussels, which for M. edulis
has been set at 5.0 mg L−1 (Widdows et al. 1979; Bayne et
al. 1993). The differences in correlations observed between
the organic content of the water (f) and the total particulate
matter indicate two different types of seston. Hunts Point is
representative of shallow, tidally mixed estuarine ecosys-
tems; in these sites, tides, wind, and shallow depth result
in resuspension of the sediment from the bottom, reducing
the relative organic content of particles in the water column
(Hawkins et al. 1996; Urrutia et al. 1996; Velasco and
Navarro 2005; Galimany et al. 2011). Moreover, at Hunts
Point, strong tidal currents and water inputs from the Bronx
River favor the resuspension of material in the water column
on a regular basis. For these reasons, high total particulate
load in Hunts Point water resulted in relatively low organic
Table 2 Correlations between
measurements of mussel feeding
physiology and environmental
variables
aA p value could not be deter-
mined for the comparison of St
GTT and TPM correlations be-
tween the two sites because only
limited data were available
Variables compared Milford Hunts Point Milford vs. Hunts
Point comparison








Rejection proportion (RP) vs. organic
content of ingested matter (i)
rpb=0.27 rpb=0.71 p=0.0067
p=0.030 p<0.001




Standard gut transit time (St GTT)
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content. Milford Harbor, in contrast, could experience high
total particulates in the water without a high proportion of
inorganic matter. This phenomenon has been observed in
other estuarine ecosystems such as Great Sound (New
Jersey, USA) (Fegley et al. 1992) and indicates the presence
of phytoplankton and/or particulate organic matter that may
serve as nutritious food for benthic, suspension feeders. The
levels of particulate matter observed at Milford Harbor were
similar to those reported by the CT Department of Energy
and Environmental Protection during monthly monitoring
off the coast of Milford from 2007 to 2009 (average 5.56±
0.46 mg L−1) (CT-DEEP 2011). Despite the relatively low
seston organic content at Hunts Point, it appears possible,
from studies elsewhere, that this site could not only support
a small population of mussels but may also be able to
support mussel aquaculture. For example, Gaeta Gulf
(Sicily, Italy) is a mussel (Mytilus galloprovincialis) produc-
tion site on the Mediterranean coast classified as “meso-
trophic,” with mean total particulate matter of 4.8±
3.9 mg L−1 but low average organic content (0.22 mg L−1)
(Mazzola et al. 1999; Sarà and Mazzola 2004).
It is appropriate to compare the feeding behavior of
ribbed mussels to that of other mussel species because all
mussels have the same fundamental gill structure. In our
study, the common response of ribbed mussels from the two
sites was to decrease clearance rate with increasing total
particulates, similar to findings on M. galloprovincialis in
a Mediterranean estuary (Galimany et al. 2011). On the
other hand, Hawkins et al. (1996) found that clearance rates
of blue mussels, M. edulis, increased as the total particulate
load increased. This difference may be explained by the
extremely high loads of particulate matter in the study of
Hawkins et al. (1996) (10–90 mg mL−1), much higher than
at Hunts Point. It seems likely that the blue mussels com-
pensated for a low organic content in the seston by increas-
ing clearance rate. The relationship between clearance rate
and total particulates may well vary with species, physio-
logical status, and food availability.
At Hunts Point, ribbed mussels employed several strate-
gies to maximize nutritional gain from the water to which
they were exposed. The mussels increased pseudofeces pro-
duction in response to increased total particulates in the
water. The organic content of the ingested matter was,
therefore, enriched through pre-ingestive selection of organ-
ic particles. These results are consistent with strategies ob-
served in mussels inhabiting other estuaries with relatively
low organic content (Widdows et al. 1979; Bayne et al.
1993; Hawkins et al. 1996; Hawkins et al. 1998).
Moreover, in this type of environment, other compensatory
mechanisms for reduced dietary quality are possible, not
only changes in feeding behavior but also in digestion and
absorption (Bayne et al. 1988). It has been reported that
longer retention of food in the digestive system of bivalves
results in an increase in absorption efficiency; this relation-
ship is thought to provide the bivalves with the physiolog-
ical flexibility to compensate for reduced food quality
(Bayne et al. 1984, 1988).
One concern about calculated values based upon GTT is
our use of the minimum GTT observed in each experiment.
We believe that this is unlikely to alter the findings across
the series of measurements. The relationship between gut
transit time and total particulate matter is very strong at
Hunts Point. Moreover, it is likely that the individual ribbed
mussel that produced green biodeposits the fastest was the
least stressed by handling and, therefore, most representa-
tive of the mussels used for the feeding study.
The feeding behavior of bivalves also can be influenced
by conditions other than food quantity and quality. For
example, the amount of organic material ingested increases
allometrically with the size of mussels (Navarro and Winter
1982; Pérez Camacho et al. 2000). In our study, the shell
length of ribbed mussels was not significantly different
between the two sites; thus, it is very unlikely that the
feeding response differences were related to mussel size.
Water temperature is also known to affect the physiological
status of bivalves directly, regulating feeding behavior
(Denis et al. 1999; MacDonald and Ward 2009). As an
example, when temperature exceeds 25 °C, filtration rates fall
significantly inM. galloprovincialis and inM. edulis (González
and Yevich 1976; Anestis et al. 2007). Nevertheless, the differ-
ences found in the feeding behavior of the ribbed mussels
between the two study sites were not likely related to temper-




































Fig. 2 Relationship between total particulate matter (TPM) (in milli-
gram per liter) from water and a daily mean (±SE) mussel clearance
rate (CR) in liter per hour. b Daily mean (±SE) mussel standardized (St)
gut transit time
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location were not significantly different. Moreover, the temper-
atures at both locations were well within the tolerance range of
G. demissa (below 0 to 36 °C) (Lent 1969).
The abilities and mechanisms of different bivalve species
to adapt feeding processes to different environmental con-
ditions vary widely (Hawkins et al. 1998). When selecting
the best bivalve species to use for nutrient bioextraction
purposes, endemic species are generally preferable because
they are adapted to the local environment. It is worth noting
that the present study did not quantify total nutrient removal
by the mussels at Hunts Point; the present study was done in
anticipation of a pilot-scale experiment. Future studies
documenting rate and magnitude of removal of management-
targeted nutrients such as nitrogen and phosphorus by ribbed
mussels are recommended. The present study shows that
ribbed mussels can adapt to a wide range of environmental
conditions and find a feeding strategy to obtain the best yield
given the available seston organic content. The findings of this
study, combined with the known physiological plasticity of this
bivalve, indicate thatG. demissa is a good candidate species for
use in cultivation-based nutrient reductions, particularly in
highly impacted coastal ecosystems that cannot support tradi-
tional aquaculture of shellfish for human consumption.
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